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Abstract Functionalized magnetic core-zeolitic shell nano¬ 
composites were prepared via hydrothermal and precipitation 
methods. The products were characterized by vibrating sam¬ 
ple magnetometer, X-ray powder diffraction, Fourier trans¬ 
form infrared spectroscopy, nitrogen adsorption-desorption 
isotherms, and transmission electron microscopy analysis. 
The growth of mordenite nanocrystals on the outer surface 
of silica-coated magnetic nanoparticles at the presence of 
organic templates was well approved. The removal perfor¬ 
mance and the selectivity of mixed metal ions (Pb 2+ and Cd 2+ ) 
in aqueous solution were investigated via the sorption process. 
The batch method was employed to study the sorption kinetic, 
sorption isotherms, and pH effect. The removal mechanism of 
metal ions was done by chem-phys sorption and ion exchange 
processes through the zeolitic channels and pores. The exper¬ 
imental data were well fitted by the appropriate kinetic mod¬ 
els. The sorption rate and sorption capacity of metal ions could 
be significantly improved by optimizing the parameter values. 

Keywords Magnetic core-zeolitic shell • Toxic heavy 
metal ions • Sorption 

Introduction 

Elements having atomic weight between 63.5 and 200.6, 
and a specific gravity greater than 5.0 are known as heavy 
metals (Srivastava and Majumder 2008). While some of 
their ions are known to be toxic or carcinogenic, these 
metals are not biodegradable and tend to accumulate in 
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living organisms. Toxic heavy metals of particular concern 
in treatment of industrial wastewaters include zinc, copper, 
nickel, mercury, cadmium, lead, and chromium (Fu and 
Wang 2011). Cadmium, zinc, copper, nickel, lead, mercury, 
and chromium are often detected in industrial wastewaters, 
which originate from metal plating, mining activities, smelt¬ 
ing, battery manufacture, tanneries, petroleum refining, 
paint manufacture, pesticides, pigment manufacture, print¬ 
ing and photographic industries, etc., (Ngah and Hanafiah 
2008; Jain et al. 1997; Srivastava et al. 1995; Gupta et al. 
2009a, Gupta et al. 2007a; Goyal et al. 2007). Heavy metal 
ions and the other impurities in wastewater can be removed 
from polluted waters using a wide range of methods such as 
solvent extraction, precipitation, vacuum evaporation, mem¬ 
brane technologies, ionic exchange, and adsorption (Gupta et 
al., 2000,2006a, 2006b, 2007b, c, d, e, 2009b, 2010; Gupta and 
Rastogi 2009; Gupta and Sharma 2003; Ali 2010, 2012; Ah et 
al. 2012; Mittal et al. 2005; Jain et al. 2004; Kim et al. 2000; 
Alvarez-Ayuso and Garcia-Sanchez 2003; Alvarez-Ayuso et al. 
2003; Erdem et al. 2004). 

Over the past decades, zeolites have a large applicability 
for decontamination, purification of urban and industrial re¬ 
sidual waters, protection of waste disposal areas, purification 
of industrial gases, etc. Many researchers studied using natural 
and synthetic zeolites to remove heavy metal ions in the 
aqueous medium (Langella et al. 2000; Cincotti et al. 2001; 
Badillo-Almaraz et al. 2003; Peric et al. 2004). Properties such 
as high surface area, individual micro-pores, a variety of 
channels, and high resistance make them very useful for 
industrial applications and academic research. 

The combination of zeolitic materials with magnetic and/ 
or active functional groups to form core-shell structured 
composite is undoubtedly of special interest in diagnostic 
analysis (Levy et al. 2002), bioseparation (Li et al. 2007), 
and controlled drug release (Murray et al. 1993; Yang et al. 
2008; Arruebo et al. 2006) based on their unique magnetic 
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responsivity, low cytotoxicity, good biocompatibility, and 
mesoporous properties. Over the past decade, the prepara¬ 
tion of multifunctional microspheres consisting of a magne¬ 
tite core with a mesoporous shell has been reported (Giri et 
al. 2005; Zhao et al. 2005; Deng et al. 2008; Guo et al. 2006; 
Kim et al. 2006). The uniform-sized magnetic particles were 
normally prepared via a high-temperature decomposition 
method (Kim et al. 2006), or hydrothermal process (Deng 
et al. 2008). The formation of the core-shell nanocompo¬ 
sites is conventionally followed by an encapsulation proce¬ 
dure, where the magnetite core is encapsulated by a silica 
layer using a sol-gel technique (Piaoping et al. 2009). 

The aim of the present study was to investigate the heavy 
metal ions sorption characteristics of structured magnetic 
core-zeolitic shell nanocomposites. The mechanism of heavy 
metals sorption over the different composites, sorption kinetic, 
and sorption isotherms was discussed. The dependence of 
sorption rate to the pH of solution was studied too. 

Experimental 

Materials, instruments, and methods 

Reagent grade chemicals such as NaOH, tetramethylammo- 
niumhydroxide (TMAOH) (10 % w/w), ethylene glycol (EG), 
cyclohexane, cyclohexanole, Ci 4 H 2 20(C 2 H 4 0)„ (Triton 
X-100) 100,3-glycidoxypropyltrimethoxysilane (GPTS), glu¬ 
tamic acid (GLU) and various salts of polyvalent metals were 
used as required. Tetraethylorthosilicate (TEOS) was used as 
the silica source. All chemicals were purchased from Merck 
chemical Co. (Germany) and were used without any further 
purification. Water samples contaminated with heavy metals 
were prepared using their respective metal ion salts. 

The X-ray diffraction (XRD) patterns of the prepared sam¬ 
ples were recorded on a Bruker D8 advance X-ray diffractom¬ 
eter with CuKa irradiation (A=0.15406 nm). The Fourier 
transform infrared spectroscopy (FTIR) spectra were recorded 
using the NB series spectrometer. The specific surface area of 
the nanocomposites was calculated from the N 2 adsorption- 
desorption isotherm at 77 K, using Belsorp apparatus (Japan). 
The average particle size and morphology of the samples were 
examined by transmission electron microscope (TEM). 
Magnetic studies were carried out on a TOEIVSM-5 vibrating 
sample magnetometer (VSM) at 300 K. 

Core-shell nanocomposites preparation 

Synthesis of magnetic nanoparticles (NiFe 2 0 4 ) 

Magnetic nanoparticles were prepared via hydrothermal 
method in a 200-ml stainless steel autoclave with a Teflon 


liner under autogenous pressure. In a typical procedure, a 
50-ml transparent solution containing Ni(N0 3 ) 2 and FeCl 3 
(corresponding to Ni 2+ /Fe 3+ molar ratio of 1:2 ) was pre¬ 
pared and added to 50 ml of NaOH solution 2 M drop wise 
under magnetic stirring. Then a mixture includes EG and 
TMAOH was added to the above suspension dropwise. 
After stirring for 2 h, the resultant mixture was immediately 
transferred into the autoclave and kept at 200 °C for 8 h. 
After this time, the resulting solid products were collected 
by filtration, repeatedly washed with double-distilled water, 
and then dried 80 °C for 6 h. 

Silica coating of magnetic nanoparticles 

Silica-coated NiFe 2 0 4 nanoparticles were prepared by 
water-in-oil microemulsion approach (Liu et al. 2010) with 
some modifications. Cyclohexane (120 mL), cyclohexanol 
(30 mL) and Triton X-100 (30 mL) were placed in a round- 
bottom flask and the solution was stirred. Once the mixture 
was homogeneous, an aqueous suspension of NiFe 2 0 4 
nanoparticles (5 mL) was added to the above solution. The 
suspension was continuously stirred for 1 h. Ammonium 
(4 mL) and TEOS (4 mL) were then added. After the 
mixture was stirred at room temperature for 24 h, the reac¬ 
tion solution was decanted with the aid of the magnet. The 
obtained silica-coated nanoparticles were redispersed sever¬ 
al times in a mixture of double-distilled water and ethanol, 
separated magnetically, and dried at 80 °C for 12 h. 

Growth of mordenite nanocrystals on the Si02@NiFe 2 0 4 
surface 

Mordenite nanocrystals were grown on the surface of pri¬ 
mary synthesized cores (Si0 2 @NiFe 2 0 4 ) by hydrothermal 
treatment and at the presence of organic templates. In a 
typical procedure, A1(N0 3 ) 3 -9H 2 0 is dissolved in alkaline 
solution of NaOH 6 M. TMAOH and EG were added to the 
prepared solution under stirring. TEOS was added dropwise 
to the above solution to obtain a gel where then magnetical¬ 
ly stirred for 3 h on a magnetic stirrer. The reluctant mixture 
was immediately placed in a 200-ml autoclave which was 
then maintained in a preheated oven at autogenous pressure 
and static conditions. After the completion of the period of 
synthesis (24 h and 180 °C), the product was filtered and 
washed repeatedly with double distilled water and dried at 
90 °C for 10 h. Finally, the solid powder was calcined at 
500 °C for 5 h and denoted Z@Si0 2 @NiFe 2 0 4 . 

Surface modification with GPTS-GLU 

Z@Si0 2 @NiFe 2 0 4 nanocomposites were modified with 
GPTS and GLU according to the earlier work with some 
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modifications (Zhiya et al. 2006). GLU was dissolved in 
double-distilled water, and the obtained suspension was ad¬ 
justed to pH 11 with NaOH 10 M. The solution was transferred 
into a flask bottle placed in the ice-bath at 0 °C, and GPTS was 
slowly added while being stirred. The mixed solution was 
heated to 65 °C for 2 h by stirring. After adjusting the pH of 
the prepared solution to 6 with concentrated HC1, an 
aqueous suspension of Z@Si0 2 @NiFe 2 0 4 was added 
and stirred for 12 h. The resulting product was separated 
with the help of the permanent magnet, washed thor¬ 
oughly with distilled water, dried at 80 °C for 6 h and 
denoted GPTS-GLU@Z@Si0 2 @NiFe 2 0 4 . 

Sorption test 

All experiments were carried out in a 1-L batch reactor 
with the initial X(II) concentration (X=Pb and Cd) of 
20 mg/L at the initial pH value 5. The sorbent mass was 
fixed at 0.1 g. The reactor was stirred with a magnetic 
stirrer operated at 300 rpm. At predetermined time inter¬ 
vals, 3 mL samples were taken from the reactor, centri¬ 
fuged, and residual X(II) concentration was measured 
with an atomic absorption spectrophotometer. By 
performing appropriate material balance, the quantity of 


X(II) adsorbed at the selected time intervals was deter¬ 
mined and used for kinetic analysis. 

Results and discussion 

Characterization 
VSM analysis 

The magnetic properties of the core-shell nanocomposites were 
characterized and the results are shown in Fig. 1. Magnetic 
measurement shows that pure NiFe 2 0 4 , Si0 2 @NiFe 2 0 4 , 
Z@Si0 2 @NiFe 2 0 4 , and GPTS-GLU@Z@Si0 2 @NiFe 2 0 4 
have magnetic saturation values of 48, 36.1, 15, and 12.5 emu/ 
g, respectively. It is important that the growth of the zeolitic layer 
on the surface decrease the magnetic saturation to less than half. 
It should also be noted that the multiple modified NiFe 2 0 4 cores 
still show good magnetization, indicating their suitability for 
using and separation. The magnified hysteresis loops in Fig. 1 
confirm the superparamagnetic feature for all the samples. 
Moreover, the multifunctional core-shell nanocomposites with 
homogenous dispersion exhibit the re-disperse properties and a 
suitable response to the external magnetic field due to its high 
magnetization. 
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Fig. 1 Magnetic saturation results: a NiFe 2 0 4 , b Si0 2 @NiFe 2 0 4 , c Z@Si0 2 @NiFe 2 0 4 , d GPTS-GLU@Z@Si0 2 @NiFe 2 0 4 
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XRD analysis 

XRD patterns of synthesized magnetic core-zeolitic shell 
nanocomposites are presented in Fig. 2. Diffraction charac¬ 
teristic peaks of NiFe 2 0 4 nanoparticles and MOR-type zeo¬ 
lite were seen in the samples. The strong peaks in 20=30°, 
35.5°, 43°, 57.2°, and 63° are attributed to NiFe 2 0 4 nano¬ 
particles. The zeolitic phases were identified by comparing 
the sharp diffraction peaks with the data reported in 
International Zeolite Association. The characteristic peaks 


for mordenite nanocrystals are well recognizable by their 
green colors. GPTS-GLU@Z@Si0 2 @NiFe 2 0 4 and 
Z@Si0 2 @NiFe 2 0 4 almost have the same XRD peaks, too 
and no excess crystalline phase appears after the surface 
modification. 

FTIR analysis 

The FTIR spectra of NiFe 2 0 4 magnetic nanoparticles and 
synthesized core-shell nanocomposites are shown in Fig. 3. 



2-Theta 

Fig. 2 The XRD patterns of prepared samples: a NiFe 2 0 4 , b Z@Si0 2 @NiFe 2 0 4j and c GPTS-GLU@Z@Si0 2 @NiFe 2 0 4 
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In the FTIR spectrum of pure magnetic nanoparticles and 
modified nanocomposites, the strong band of OH (in higher 
than 3,400 cm -1 ) and a characteristic peak of H 2 0 in 
1,630 cm -1 suggest that a large number of OH groups and 
H 2 0 molecules, which exist on the surface, play a key role in 
adsorbing heavy metal ions and the other impurities in waste- 
water (Lu et al. 2010; Jal et al. 2004). The absorption band 
related to Si-O-Si (in 1,092 cm -1 ) also appears in the spectrum 
of Si0 2 @NiFe 2 0 4 . All bands observed in the ranges of 920- 
1,250, 650-720, and 420-500 cm -1 in the Z@Si0 2 @NiFe 2 0 4 
spectrum correspond to the internal tetrahedral: asymmetrical 
stretch, symmetrical stretch, and T-0 bonds (where T= Si or Al 
in the zeolitic structure), respectively. The peaks below 
550 cm -1 are generally attributed to 5 (O-T-O) bending and 
rotation modes. Some peaks between 700 and 850 cm -1 and 
between 1,000 and 1,150 cm -1 are assigned to symmetric and 
antisymmetric T-O-T stretching vibrations. In contrast, the 
stretching vibrational mode for AlO 4 is located in the range 
650-900 cm -1 (Sharma et al. 2008). 

The absorption band related with X-0 (X=Fe, Mn, Co, Ni) 
(579 cm -1 ) is also present in all spectmms. 

BET analysis 

The results for Brunauer-Emmett-Teller (BET) analysis of 
prepared samples are shown in Fig. 4 and Table 1. Figure 4 
presents a typical hysteresis loop obtained from N 2 adsorption- 
desorption procedure for sample Z@Si0 2 @NiFe 2 0 4 and 
shows that the core-shell nanocomposites have a good poros¬ 
ity. The results revealed that the growth of the zeolitic layer on 
the outer surface of the magnetic core increases the specific 
surface area and improves the structure porosity. As shown, 
deposition of the GPTS-GLU layer on the surface has not 
changed the basic pore structure of the Z@Si0 2 @NiFe 2 0 4 
sample. However, the BET surface area and total pore volume 
decreased from 215.7 m 2 g -1 and 0.16 cm 3 g _1 to 201.58 m 2 g _1 
and 0.15 cm 3 g _1 , respectively. Pore size distributions of the 
prepared samples were determined by Barrett-Joyner-Halenda 
(BJH) method. BJH analysis can also be employed to deter¬ 
mine the pore area and the specific pore volume using adsorp¬ 
tion and desorption techniques. This technique characterizes 
pore size distribution independent of the external area due to the 
particle size of the sample. A typical BJH plot for 
Z@Si0 2 @NiFe 2 0 4 is shown in Fig. 5. Figure 5 shows that 
the pore diameter ranges from 1 to 100 nm. As seen in this 
figure, most pore diameters are concentrated between 2-50 nm 
indicating the present mesopores. 

TEM analysis 

The morphological and structural features of the samples were 
further examined by TEM analysis as shown in Fig. 6. It is 
clear that the Z@Si0 2 @NiFe 2 0 4 core-shell nanocomposite 



Fig. 3 The FTIR spectrum of: a NiFe 2 0 4 , b Si0 2 @NiFe 2 0 4 , c 
Z@Si0 2 @NiFe 2 0 4 , and d GPTS-GLU@Z@Si0 2 @NiFe 2 0 4 

was of well spherical structure and high monodispersity in 
size. The average diameters were about 15-30 and 80-100 nm 
for the NiFe 2 0 4 nanoparticles and Z@Si0 2 @NiFe 2 0 4 nano¬ 
composites, respectively. Upon deposition of the zeolitic shell 
to sample Si0 2 @NiFe 2 0 4 , the diameter of the particles 

Adsorption / desorption isotherm 



P/Po 

Fig. 4 N 2 adsorption-desorption plot for Z@Si0 2 @NiFe 2 0 4 
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Table 1 The results of BET analysis 


Sample 

BET surface 
area (rrfg 1 ) 

Total pore 
volume 

(cmV‘) 

NiFe 2 0 4 

34.66 

0.29 

Z@Si0 2 @NiFe 2 0 4 

215.70 

0.16 

GPTS-GLU@Z@Si0 2 @NiFe 2 0 4 

201.58 

0.15 


increased significantly, demonstrating that the mordenite shell 
was ~40 nm thick. 

Sorption of heavy metal ions over the different composites 

Figure 7 shows the sorption curves of Pb 2+ and Cd 2+ over the 
prepared nanocomposites. While the removal efficiency is less 
over the Si02@NiFe 2 0 4 sample, the results showed that the 
growth of the zeolitic layer on the Si0 2 @NiFe 2 0 4 core in¬ 
creased it. That was expected because of high porosity and the 
specific surface area of synthetic zeolitic materials. Furthermore, 
the metal ions in zeolitic channels could be exchanged with the 
present ions in the solution medium. When GPTS- 
GLU@Z@Si0 2 @NiFe 2 0 4 is used as sorbent, in addition to 
the mentioned statements, heavy metal ions could be chemically 
sorbed by surrounding the W 2+ ions with carboxylate groups of 
GLU on the surface. It can be observed in all cases that the 
removal efficiency of Cd 2+ is higher than Pb 2+ ions. The radius 
size of Cd 2+ is less than Pb 2+ which makes it more suitable for 
effective ion exchange and also more effective bonding with 
organic groups on the surface. However, the presence of the 
GPTS-GLU organic layer on the surface can block some zeo¬ 
litic pores and channels. The physisorption of next layers of 
metal ions on the surface can be possible. Thus, the highest 
removal is achieved with these nanocomposites. Scheme 1 
explained the total removal process of heavy metal ions. 


BJH-Plot 



Fig. 5 BJH plot for Z@Si0 2 @NiFe 2 0 4 



Fig. 6 TEM images of: a synthesized magnetic nanoparticles and b 
core-shell nanostructures 
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Fig. 7 Removal efficiency over: a Z@Si0 2 @NiFe 2 0 4 , b GPTS- 
GLU@Z@Si0 2 @NiFe 2 0 4? and c Si0 2 @NiFe 2 0 4 ( square : Cd 2+ and 
diamond : Pb 2+ ) 


Sorption kinetic 

Figure 8 shows the kinetic sorption of metal ions onto 
prepared nanocomposites. After fitting into the pseudo- 
first-order and pseudo-second-order sorption kinetic mod¬ 
els, it was observed that pseudo-second-order model fitted 
well for both Pb 2+ ion and Cd 2+ ions and gave the best 
description of experimental data points. It is important that 
this model be based on the assumption that the rate limiting 
step may be a chemical sorption involving valence forces 
through sharing or electronic interaction between the adsor¬ 
bent and the adsorbate (Taty-Costodes et al. 2003). The 
pseudo-second-order chemisorption kinetics rate equation 
is expressed as: 

dq t /dt = k 2 (q e - q t f (1) 

where q e and q t are the amounts of metal ions adsorbed onto the 
adsorbents (milligram per gram) at equilibrium and at time t, 
respectively. k 2 is the rate constant of second order (gram per 
milligram per minute). 

The integrated form of Eq. 1 is rearranged and becomes: 

t/q t = 1 /k 2 q e 2 + t/q e (2) 

in which the constants can be determined by plotting t/q t versus t. 

Sorption isotherms 

The development of an equation which accurately repre¬ 
sents the results and could be used for design purposes is 
achieved by the analysis of the isotherm data. In order to 
investigate the sorption isotherm, two equilibrium models were 
applied: Langmuir and Freundlich isotherm equations. The first 
state is obtained under the ideal assumption of a totally homo¬ 
geneous adsorption surface, whereas the second isotherm is 
appropriate for a highly heterogeneous surface. The Langmuir 
sorption isotherm is the best known of all isotherms describing 
sorption (Langmuir 1918) and it has been successfully applied 
to many sorption processes (Alvarez-Ayuso et al. 2003, Reddad 
et al. 2002, Namasivayam and Yamuna 1999, Beyazit et al. 


Scheme 1 Total removal 
process of heavy metal ions 
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Table 2 Langmuir constants at three different temperatures 


Temperature, °C 

R 2 

Equations 

q° 

b 

25 

0.972 

Y = 

= 0.016X +0.262 

62.5 

0.061 

35 

0.981 

Y = 

= 0.01 IX + 0.219 

90.9 

0.050 

45 

0.980 

Y = 

= 0.01X +0.220 

100 

0.045 


2003; Hui et al. 2005). It is represented as: 

q e = q m bC e /(\ +bC e ) (3) 



Time(min) 


2.5 

2 


t>JQ 

I 


1 

0.5 

0 



20 40 60 80 100 120 

Time(min) 


Fig. 8 Pseudo-second order kinetic plots for X(II) sorption onto a: 
Z@Si0 2 @NiFe 2 0 4 , b: GPTS-GLU@Z@Si0 2 @NiFe 2 0 4 , and c: 
Si0 2 @NiFe 2 0 4 ( square : Cd 2+ and diamond : Pb 2+ ) 



Where C e is the equilibrium aqueous metal ions concen¬ 
tration (milligram per liter), q e the amount of metal ions 
adsorbed per gram of adsorbent at equilibrium (milligram 
per gram), q m and b are the Langmuir constants related to 
the maximum adsorption capacity and energy of adsorption, 
respectively. The values of q m (milligram per gram) and b 
(per milligram) can be determined from the linear plot of CJ 
q e versus C e . The Freundlich isotherm fairly satisfactory 
empirical isotherm can be used for a non-ideal sorption that 
involves heterogeneous sorption is most frequently used to 
describe the adsorption of inorganic and organic compo¬ 
nents in solution (Namasivayam et al. 1994, 2003), and is 
expressed as: 

Logq e = LogK + l/nLogC e (4) 

where K is roughly an indicator of the adsorption capacity 

Cd(II) 




Fig. 9 Linearized Langmuir isotherm (Eq. 3) for Cd(II) ions sorption Fig. 10 Effect of pH on the sorption of heavy metal ions onto GPTS- 
onto GPTS-GLU@Zeolite@Si0 2 @NiFe 2 0 4 . T= 25 °C GLU@Zeolite@Si0 2 @NiFe 2 0 4 
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and 1 In the adsorption intensity. By plotting log qe versus 
log Ce, values of K and n can be determined from the slope 
and intercept of the plot. 

For our experiments, the sorption data were fitted into the 
linearized Langmuir equation and the results are shown in 
Fig. 9 and Table 2. 

pH dependence of sorption efficiency 

As shown in Fig. 10, the removal efficiency of metal ions 
was generally enhanced when the initial pH was increased. 
The pH of the aqueous solution is an important operational 
parameter in the adsorption process because it affects the 
solubility of the metal ions, concentration of the counter 
ions on the functional groups of the adsorbent and the 
degree of ionization of the adsorbate during reaction. The 
active sites on an adsorbent can either be protonated or 
deprotonated depending on the pH while at the same time 
the adsorbate speciation in a solution depends on the pH too. 
Lead for example, exists as Pb 2+ , PbOH + , and Pb(OH) _ 3 
depending on pH. This was due to two reasons: zeolites are 
highly selective for H 3 0 + ions when their concentration is 
high. Thus, at lower pH values the H 3 0 + ions compete with 
the metal ions for exchanging in zeolitic pores and channels 
(Shriver et al. 1990). Moreover, the functional groups on the 
zeolitic surface (two carboxylate group) could remain more 
anionic at higher pH that may make a significant contribu¬ 
tion to the metal removal via chemsorption. Besides, the 
zeolitic surface is positively charged when the solution pH is 
lower. Thus the decrease in removal efficiency as the pH 
decreases can be attributed to the increase in positive charge 
on the zeolitic surface. 


Conclusions 

Magnetic core-zeolitic shell nanocomposites were prepared 
by hydrothermal and coprecipitation methods. The analysis 
of the products well confirmed the growth of the mordenite 
layer on the surface of Si0 2 @NiFe 2 0 4 nanoparticles which 
was performed by a new procedure. The VSM analysis 
method showed that the magnetic nanoparticles have a good 
magnetization which decreased by adding the layers on the 
surface. Prepared composites were applied for the removal 
of heavy metal ions Pb 2+ and Cd 2+ from waste water. The 
results showed that the surface modification influences 
strongly the removal efficiency. Studying the sorption ki¬ 
netic and sorption isotherms indicated that the removal 
obeys the pseudo-second-order kinetic and Langmuir mod¬ 
els, respectively. Finally, the effect of pH was investigated 
and according to the results, increasing the medium acidity 
increases the removal efficiency which is explainable with a 
glance at the ion exchange capacity and surface components. 


Finally, one can conclude that such zeolitic nanomaterials 
with a high specific surface area includes a magnetic core 
which could be applied for impressive removal of toxic spe¬ 
cies from waste water, while these materials can be separated 
from the medium by an external magnetic field and reused 
repeatedly. In addition, suitable surface modification provided 
an improved capacity for chemical sorption. 
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